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1. Introduction
In this contribution, efficient PUCCH resource management method under heterogeneous network is discussed. Especially PUCCH resource region coordination for special UE (i.e. CoMP UE) with different DL/UL serving cell will be addressed based on CoMP Scenario #3 and #4 respectively. 
2. Resource Management for PUCCH
2.1. For CoMP Scenario #3 or Scenario #4 (based on PDCCH)
In Figure 1, eNB CoMP UEs’ PUCCH resource is determined by CoMP serving eNB PDCCH by using dynamic CCE-to-AN linkage rule. However CoMP UEs’ PUCCH transmissions can be targeted to different Pico eNBs in order to save uplink PUCCH transmission power and also reduce uplink interference to neighboring cells or points. Considering the point, PeNB should be designed to accommodate eNB CoMP UE’s PUCCH as well as PeNB UE’s PUCCH. 
Considering dynamic CCE-to-AN linkage rule as in Rel-10 UE, CoMP UE’s PUCCH resource should be determined by eNB PDCCH CCE index while PeNB’s PUCCH resource should be determined by PeNB PDCCH CCE index. However both eNB PDCCH CCE index and PeNB CCE index can be mapped to the same PUCCH resource index because there’s no PDCCH CCE index coordination between eNB and PeNB, which definitely causes PUCCH resource collision. One solution is to distinguish CoMP UE’s PUCCH region with PeNB UE PUCCH resource region as shown in Figure 2. Since CoMP UEs are scheduled by one eNB, their PUCCH resource will not be overlapped, CoMP UEs targeting to different PeNBs can be share the same PUCCH resource region which should be apart from each PeNB PUCCH region. One more point is about cell ID to generation PUCCH sequence. To sharing the PUCCH resource region, eNB cell ID can be applied to all the CoMP UEs. In that sense, this solution can be also applied to CoMP UE in Scenario #4 in which PeNB has the same cell ID as eNB.
For legacy UE, eNB should reserve new separate PUCCH resource region which is not overlapped with both CoMP UE’s PUCCH region and PeNB UE PUCCH region. This is because legacy UE’s PUCCH transmission could interfere with CoMP UE’s PUCCH transmission at PeNB reception point.
Note that “(PUSCH)” in Figure 1 and 4 refers to the region possibly to be used for PUSCH transmission by eNB even though it’s assigned for PeNB UE’s PUCCH resource. Taking it into account, the PUSCH transmission (e.g. low power) should be carefully controlled by eNB for the sake of minimizing impact of PUSCH transmission on PeNB UE’s PUCCH transmission. 
Unlike PUCCH format 1, since PUCCH format 2/3 resources are semi-statically configured by RRC signal, the PUCCH resource region can be shared by both CoMP UE and PeNB UE if scheduling information is exchanged between eNB and PeNB. 
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Figure 1: eNB and PeNB PUCCH transmission in CoMP Scenario #3 or #4
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Figure 2: eNB and PeNB PUCCH resource coordination for CoMP Scenario #3 or #4 

(“PUCCH (PDCCH)” refers to PDCCH CCE-to-PUCCH ACK/NACK linkage)
2.2. For CoMP Scenario #4 (based on ePDCCH)
Especially in CoMP Scenario#4, ePDCCH (Rel-11) as well as legacy PDCCH will be applied to both eNB (RRH) and PeNB (RRH). Considering dynamic CCE-to-AN linkage rule as in Rel-10 UE, CoMP UE’s PUCCH linking to eNB ePDCCH should have a separate PUCCH resource from eNB UE’s PUCCH linking to eNB PDCCH, which can be implemented by additional RRC PUCCH offset signaling. Therefore two PUCCH regions should be configured for legacy UE and CoMP UE respectively under the same eNB. For the CoMP UE’s PUCCH resource, virtual ID can be introduced to allocate PUCCH resource dynamically to eNB CoMP UEs scheduled by ePDCCH.  
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Figure 3: eNB and PeNB (RRH) PUCCH transmission under CoMP Scenario #4
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Figure 4: eNB and PeNB (RRH) PUCCH resource coordination for CoMP Scenario #4
3. Conclusion
Our view is summarized as follows.
· Separation of CoMP UE’s PUCCH region from eNB legacy PUCCH resource region.
· Separation of CoMP UE’s PUCCH region from PeNB UE PUCCH resource region

· The concept of virtual cell ID may be needed for CoMP UE’s PUCCH resource management.[image: image5.png]
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